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| EXECUTWastrMMARY -

_. __-2 9 kph and ranged from 2.2- 3 7 kph There was no- s1gn1ﬁcant dlfference in mlgratlon
: speeds of barged and ROR fishin the only parred release ' B

trde w1th mdlvrduals movmg downstream qurckly on an outgomg tlde and e1ther movmg

slowly downstream or: snghtly upstream on an 1nc0mmg tlde _

The port1ons of radro-tagged ﬁsh that successfully mrgrated to the estuary was examlned
55% of barged fish and 20% - 64% of ROR fish were observed at, or downstrearn of, the fixed

monltormg statlon at river kilometer 89. 4

None of radid_-_ta'gged-ﬁsh were observed in colonies 'Qf'pisc_lvo'rons birds on R'i_ce Island or

East Sand Island.

The lengths of the two types of radlo—tagged ﬁsh were 51gn1ﬁcantly d1fferent in the only
paired release barged ﬁsh were larger Length was not related to m1grat10n speed for ezther

'barged or ROR types. The condmon factor of the two types of radro-tagged fish was

. 31gn1ﬁcantly dlfferent the barged ﬁsh were h1gher
' Tlle _RbR fish had slgniﬁcantly higner levels of gﬂl-rtatfr(t 'ATpasgaabgfgsd fish, |
Plasma eor_‘tis_ol levels of barged and ROR Efall_ el_i.indolg.we're not sig'niﬁ'eantly _di’i’?fer'ent:.:
Prevalenee of bacterlal kidney discase ('B.KD) was low, with at l_east_SS% o_f th_e ﬁslr te.stled

having no or low deteetable levels of mfectlon

The percent of ﬁsh selecting saltwater was not srgmﬁcantly different between barged and
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S An 1nvest1gat10n performed on the dlfferenee between gastrlc and surglcally 1rnplanted tags

suggested that the surgrcal method may be the preferred method of 1mp1ant1ng the tags = _3 |

* A study on antenna srze suggested that a smailer antenna 51ze decreased mortahty from the tag: - o
_ and were heard more often = showmg at least that the shorter 51ze d1d not effect the ab111ty to

hear the ﬁsh 1n the study area.
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s 3.chmook were collected for radto taggmg are mdzcated by astensks (*) :::: L o

: 2)
:351

> 4) -

)

Smolt numbers were obtatned on the 1nternet at: http //www cqs

3:wash1ngton edufdart/pass com html courtesy of the FlSh Passage Center _

* The distance traveled downstream over time for (A) R_QR: fall chiriook during 32
 the.6/14/00 release; (B) barged fish during the 6/27/00 release, and (C) ROR |
: ﬁsh durmg the 6/27/00 release The distance was calculated from ﬁxed

monttormg statton boat and plane data pomts

_(A)' Migration speed. in kilometers per hour (kph) of all'radio'-tagged fishand =~ 33

(B) mean speed for each release of barged and ROR fall chlnook measured

N from the release: s1te to the ﬂxed momtonng statlon near the upstream end of

the Colurnbla Rlver Estuary Slgmﬁcant dtfferences dre descnbed in the

Results sect1on

(A) Mean length and (B) conditlon factor of the rad1o-tagged barged and ROR | 3'4 |

fall chtnook Slgmﬁcant dlfferences between types w1th1n a date are 1ndtcated

: by asterisks (*)

The percentage of radio-tagged fish where were heard. . . 35

The tagging mortahty of (A) fall chinook compared to that of (B) steelhead 36
during the 2000 ﬁeld Season _ = S - : '

The difference_s'in-tnottality from (A) gastric implanted tags and (B) surgically 37 SRR
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[ '(B) barged ﬁsh and (C) ROR ﬁsh dots represent data collected by alrcraft _' e

' and l1nes are data obtamed by boat trackmg

1

1y

' (A) Mlgratlon speed ini relatlon to tlde of two ﬁsh tracked by boat n the .. Ex 40 ._ o
' estuary (B) Average speed of all tracked ﬁsh in'the estuary dunng d]fferent o

' descrrbed in the results sectron

(A) Mean plasma cortisol (+ SE).leVeIs an'd (B) 'rnean 'g.iil Na+fK+ ATPase LA

(+-SE) of barged and ROR fall chmook Slgnlﬁcant drfferences are descnbed S

' m the Results sectlon

The percent of barged and ROR fall chlnook 1nfected wzth certam levels of 42 E
: Bactenal Kldney Drsease (BKD) in the physrologlcal samplmg (n**lO for each),' ' '_ |

S1gn1ﬁcant dlfferences are descrlbed in the Results sectlon N

..(A) The percent of ﬁsh in saltwater 60 mlnutes after the start of the saltwater _' _ | 43 o
o preference expenrnent and those in saltwater after 120 minutes. Error bars .
.' '1nd1cate the +SE between rephcate tanks (only on barged fish at 60 mrnutes 0 04)
- (B) The percent of ﬂsh mfected wrth certam Ievels of BKD in thrs expemnent

Srgmﬁcant dlfferences are descrrbed in the Results sect1on

AiI data colIected 1n the estuary for (A) barged and ROR ﬁsh cornbmed '_ ';5.1 3: 39 :._5 R R
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~ ommerives

The goal of thlS study is: to obtam mformatmn that w1ll allow us to make recommendations

'concermng how the: ﬁsh transportatmn program may be managed to mrmmlze the severe loss of

L ﬁsh in the estuary Spec1ﬁc objectwes of the 2000 pro;ect were as followed

5 sa_ltwater _1nterfaee to r1v_e_r c_ond1t1on and other rndlcators o_f estuarme productwrty. _
3) Establlsh the relanonshxp between fish behavror in the estuarme and near—shore oceanic
env1ronment and the phys;ologrcal indicators of fish quahty Examme the relatronshlp between

 the deve10prnental stage of the transported fall chinook to mi gra’uon delays in the estuary and

survival to ocean entry
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_t_he e_stu_ary_.

: f'anor research of radto-tagged Juvemle spr1ng chmook salmon has found that 10- 30% were taken:

_ by plscworous birds in the Columbla River esmary (Schreck ancl Stahl submttted) If thls

o percentage is similar for fall chmook than the total number of Columbla Rlver srnoIts taken by

. .btrds near the mouth of the rtver couild have a SIgntﬁcant impact on salmonld populatlons Itis

. not known what factors determme the vulnerabthty of rmgrattng _]uvemle salmonlds to bird

| ::predators although ﬁsh behawor n the estuary clearly has the potentlal to affect the ltkehhood

of betng eaten. For example those 1nd1v1duals who sw1m htgher in the water column or l1nger in

g and development (smolttﬂcatton) have been ShOWn to tnﬂuence the behavtor and surv1va1 of

'.:Juvemlesalmomds L L

T We postulate that the qualtty of rn1grants reachmg the lower Columbla Rwer (etther by barge or |

' 'm-nver m1gratton) relates to subsequent behav1or and av01dance of predatlon Fish quahty may '

' .-'1n more predatton by mcreasmg the amount of time the mtgrants Spend n the freshwater lens _
: -where the fish are exposed fo. large concentrattons of b1rds and may be easier to catch due to the

' :relattvely shallow nature of the freshwater lens. Smolttﬁcatlon dlsease and stress status may all .

| influence the amount or;ttr_ne_ a_ﬁ_s_h_ might be otr.appedo in the _fre_shwater_ l_ens. Prtor research in o
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may be. related to ﬁsh remalmng i the surface layer of fresh water as long as p0551b1e not 1o _:
how much time 1s spent in the estuary Although physmlogreal conchtlon mﬂuences behavtor
. the exact relat1onsh1p between ﬁsh quahty 1nd1ces and behavror is not always mtuttlve From the

saltwater preference experlments it has been: demonstrated that seawater entry behav1or of fish

- may not corne1de w1th the1r physmlogwal readlness Once the lmkages between ﬂsh quahty and -

: behav1or are understood the opportumty exists o’ manage the mlgratlon of }uvemle salmonrds

' through the Columbra Basin hydropower system to maxrmize downstream survtval Hence, how
fish are_ .Odehvere_d_o to the lower rryer eould_affect_ thelr ability or p_ro_p_e_nsn_y to mi grate,

| therefore,_deliyery systems (i.e.,-barg_ing:,' passage of dams, or spill regulation) ar'e'tactics that

. rnay play yarions roles in affecting ocean entry success at_ various times throughout a run.
During the 2000 field season, information was collected coneermng mtgratron behavior of
juvenile fall chinook in the Columbia River and estuarine env1ronments Increased

| underst_andmg of smolt behavior ini the estuary is needed to determine what may be done to
rn_inimiie avian _predation. Radio-tracking of different types of fish, barged and run-of-the-river
(ROR), throughout the outmigration season'was' the primary obj e(':'t'iveT _The observed behavior
and survival of these fish was cornp_ared to 'hydro'ch'ernistry data taken :in the estuary and
physiololgieal condition of other fish samp'led. at dams at the same titme as fish were tagged.
Finally; 'laboratot'y experiments were perfo'rlned' looking at how ﬁsh:type (barged and ROR)

smolt1ﬁcat1on levels, and BKD levels m1ght affeet the ﬁsh‘s preference for saltwater entry. -

10
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- '-i-znrwer ngratmg Steelhead mto and through the estuarme enwronment

The rmgrauon behawor of yearhng fall ch1nook in the lower Columbra Rrver downstream of ;" :

...:3'Bonnevrlle Dam was documented usmg radrotelemetry The m1grat1on of both barged and run-.
" _of the»nver (ROR) ﬂsh was exammed Radio transmltters were purchased from Advanced .....
.'_'Telemetry Systems (ATS Isanu anesota) and operated on the 149 me gahertz bandw1dth
. .:Standard transm1tters were used which werghed approx1mately 1 2 g in air and were des1gned to
_ transrmt contmuously for a rmmmum of 7 days Two Trtley tags whrch operated on the 148
o megahertz bandw1dth were also purchased to'see rf these smaller tags (O 65 g in a1r) would work
- as well To reduce the number of frequenc1es to be scanned durmg tracklng, two tags were |
N placed on each frequency and were drstlngmshed by dlfferent beeping rates (approx1mately 40 or
60 beeps per mmute) Before u use, all tags were checked for proper functromng followmg a24h

E immersion in water. .

_ ' Frsh racho tagged at Bonnevrlle Dam or on. the barge were released on ntwo dates in'mid to late S
~June of 2000. Upto 22 ﬁsh of each type were tagged on each of the two dates over the 2000 |
o 'outrn1grat1on A detalled descrlptron of the dates, numbers and charactensttcs of rad1o tagged
L 'fish is contatned in Table 1 On the ﬁrst release fish were not tagged on the barge due to the
. g msufﬁcrent numbers of fall chmook in the holds and also because 1t was unknown if fish’ wrthout
£ '.an adlpose Cllp could be used a decrs:on was, made to not tag’ ﬁsh All ROR fish uséd on the Shu
first release were adlpose clrpped hatchery fish, but on the second release unclipped ﬁsh were

.'used for both barged and ROR fish, s0 it is unknown if they were of hatchery or wild orlgm

o .The barged fish were collected on fish tranSportauon barges between J ohn Day Dam and = 1" |
L Bonneville Dam. F1sh Were netted from the holding tanks that contamed smolts collected at the
" "Lower Gramte Dam Juvcnrle F1sh Famhty Indmduals were anesthet1zed in 50- mg/l tncane o

o methanesulfonate (M8222) buffered with 100 mg/1 NaHCO3, _after wh1ch the fransmitter was’ L
o R
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o :The msertlon pomt was sutured shut ant1b10tlcs were apphed and Stress Coat (Aquarlum B

Pharmaceutlcals Inc. } was used to replace the l_o_s_s _of a naturally secreted coatmg FOHOW1ng
| ltaggmg, ﬁsh were placed n: 125 liter llve wells (3 4 ﬁsh/hvewell) secured in the barge holds,

- After ﬁsh recovered (apprommately 30 m1nutes) they Were released from the hvewells and
-returned to ’rhe barge holdlng tanks. An observer stayed on board after the. barge passed

'lo_c_atlon_

Run-of the 'wer yearhng fall chmook to be radlo-tagged were obtamed at Bonne vi e'f:]jarn_
second pow_erhous_e..'fuvemle Fish ;F ac:llrty (BZJ)_as. p_a_rt o_f the daily _s_ample.coll_ected_over a.24 -
hour period by_-PaciﬁcS_tates; Marine F_isheries Commission (PSMF_C) personnel for smolt |
monitoring purposes- Timing of these release's was designed to coinc'i'de-with peakipassag'e of
Snake River Juvenrle salmonids past Bonnevﬂle Dam, 50 that we: could obtam the highest
proportion of Snake River fish for tagging (F1gures 1A and 1B). On the dates of tagging, fall
chinook were passing the dam, but the exact origin of individual implanted with a radlotag is
unknown.- After collection by PSMFC personnel, fish were placed in 125 liter livewells for
' _ subseduent' tag'ging'.(approximately 2-5 h later). The It'ag'ging' procedure'\rras-'identicai to It.ha_t used
for barged fish: At release fish were placed back into the bypass system. .In an effort to |
“standardize the arrlval time of barged and ROR m:grants m the estuary (whleh nnght mﬂuence |

sk of predatron from brrds) releases at Bonnevrlle Dam were made after the transport barge

carrying.the palred release group of radlo tagged ﬁsh had passed the B2J. The two groups were ..

released six rmnutes apart in the parred reIease y

Due to high- nur'nbers. of upper river m()rtalities- during tagging in the first relea'se.('r lgure 5),-

gxperiment was performed to determine the dlfferences in mortahty from gastrlc and surglcal tag .

implantation. The method for gastric (stomach) taggmg was taken from Ward and Mrller (l 988)
Fish were tagged until a total of five fish with each met_ho_d was obtained. Tl_le_ _nr_r_mbers. of .
mortalities that occurred immediately after tagging and 24 hours after was recorded.. This'St’tidy’

was used o oec1de Wthh method should be used in the second release. Another study was also
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o : . _' Challenger 2000 and one Lotek SRX 400 radto Teceiver; each was connected to antennas e "
o mounte_d__on_ both wmg struts: F]1ghts were conducted at an altltude of 153 m wrth an a1r speed of o
approxrmately 160 177 kllometers per hour Once a radro srgnal was heard the plane c1rcled
:__untrl its precrse location could be: determmed The effective dlstanee at whrch a tag could be
detected ranged from approxrmately O 4 to l 6 k1lometers Due to the extrerne w1dth of the rrver R
T 1n the estuary, the search pattern was a series of east/west transects spaced at l 2 k1lometer S

intervals The transects iere used from the mouth cf the river up | to rwer k1lometer 48, 3

The progress of radro-tagged 1nd1v1duals was also recorded ata ﬁxed momtonng station located
o upstream of river kilometer 89.4, niear the commumty of Bunker Hill, Washrngton Thrs locat1on
o is approxrmately 144 Kilometers downstream of Bonnevﬂle Dam In this area, the nver rs
. re]atwely natrow and the shipping channel abuts a serres of cl1ffs on the Washmgton shorelme

: Trackmg data suggests ‘that juvenlle salmomds are’ often located in or near the shrpprng channel
o :.ancl thus can be expected to pass near the Washrngton shore (and the momtormg statlon) at th1s

: srte (Schreck et al 1996, 1997) Two 6—elernent Yag1 antennas were. placed on a mast 3 m

: the far srde of the nver and were each connected to a Lotek recerver The same frequenc1es was
_ :entered 1nto both receivers, but scanmng was offset so that scan tnne for all frequen01es was .
: reduced The monrtonng statron was staffed 24 hours a day durrng penods of tagged fish

- mi gratron

' Detarled behavror of 1ndrv1dual m1grants in the estuary was exannned E1ther one ortwo 6 m_

Alumaweld boats (dependrng on avarlable personnel) each equrpped Wlth one 4 element Yag1 '

_-'1.3}_'
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5 fish frequencres When a srgnal was heard the operators would stop scannrng and only track

:Ethat specrﬁc frequency Once trackrng began the boat was kept as’ close to- the ﬁsh as possrble

o ': At approxmlately 15 mmute 1ntervals the: Iocat1on of the boat was ]ocated and recorded ona

S 'ttde usually in the rnorrnng A boat would traverse the estuary morntormg both barged and ROR;._': e

GPS (GIObEﬂ Posrtronmg S)fstern Garmln GPSMAP 230) umt A fish was tracked untrl 1t moved. _ S

' search lrrnrts or other factors such as. weather made eonnnued trackmg unsafe

' o Water: quahty data were coltected durmg trackrng in order to determme the 1mmed1ate

envrronmental condlttons assocrated with the ﬁsh A YSI Inodel 85 D.O. /Sallmty meter was

_ | used to measure. water saltmty and temperature Readmgs were taken once per hour unless
current wave condrtrons .or pos51ble Ioss of the fish bemg tracked precluded stoppmg for

- measurements. Data was collected at three depths for each locat1on the surface half of the total

depth, and near the bottom.(taken fr_om dep_th finiders on the_ boats).

‘In order fo. get better estnnates of mortalrry dug to av1an predators one dataloggmg statlon was
set up on RJce Island to monitor for radro' tag's' at the 1sland's Casptan tern colony. . Two stations
were set up-on East Sand Island one statron monrtored the Caspran tern colony on the. eastern

: .s1de of the 1sland and one statlon momtored the doub_le-_c_res_ted cormorant colony on the western
s1de These statlons were placed to conﬁnn and supplernent the data collected by the arrcratt

- over the 1sIands All statlons cons;sted of a 6 element Yag1 antenna mounted on a pole 2m
cycle battery, Iocated ina lockbox at the base of the pole These statrons were set up prror to
arrival of fish i in the estuary and data were downloaded after each release. Due to. .
inconsistencies a_n_cl random frequency rnterfer_e_nc_e, no c_tata.fronr these three statlon_s vt{a's_‘u'sable 3

- in'2000.

2) Determine and correlate f sh condition fo ngratzon beharvror through the estuary and.

© saltwater mterface fo: rzver condition and other mdzcal‘ars of estugrine productzwty
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oo B.ar:g'ed ﬁsh ryere'OBtalned from the-harge bypulllng a lift net in the same COmpartrnents from
Wh]Ch radro tagged fish were taken from. ROR fall chmook were collected at Bormevﬂle Dam
BZ.T from PSMFC personnel when. ROR radro—tagged ﬁsh Were collected The dates numbers

and types of ﬁsh collected for these tests arc grven m Table 1

For physrology samplmg, ﬁsh were 1mmed1ately krlled wrth an overdose of anesthet1c (200 mg/l-
MS222 buffered wrth 500 mg/l NaHCO3) The lengths welghts presence of fin clips, and
_ abnonnahtres (ie., scale loss, puncture marks) were recorded for each ﬁsh The caudal peduncle
g was severed and whole blood was collected usmg ammonium- hepar1n1zed cap1llary tubes Blood
ﬁwas centrifuged after which plasma was removed and 1mmed1ately frozen on dry ice. Plasma :
- was later stored at —80° C. Gill ﬁlaments were: collected placed mto a buffer solutlon and

' frozen on dry 1ce (Zaugg, 1982) Whole k1dneys were removed and frozen as. well

Plasma c'ort'i:sol conCentratio'n was measu'red.as"an'inde):;:of stress. Plas'ma'cortisol'is a widely
accepted measure of the primary (neuroendocrme) Tesporise to stress (Mazeaud et al 1977)
Thawed plasma samples were assayed for. cort1sol usmg a radro1mmunoassay (Foster and Dunn,
1974) as modrﬁed for use with salmonld plasma (Reddmg etal., 1984). Smoltlf cation was

| esnrnated by rneasurmg gill Na"/K* ATPase whrch is an accepted index of thlS transfonnatron
(Hoar 1988 Lysf ord and Staurnes 1998) Glll samples were analyzed at the USGS BRD
for bacterlal krdney dlsease (BKD) by the Oregon Dcpartment of F1sh and erdhfe (526 Nash -

Hall, Corvalhs OR) Presence and severrty of mfectron was measured usmg a mod1ﬁed

L
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5 the developmenz‘al stage of the rransportea’ steelhead to m:gratzon delays in'the estuary and |

survrval to ocean em‘ry

To estabhsh a relat1onsh1p between ﬁsh behavmr in the estuarrne and near-shore oceanic -

o envrronment and the phys1ologrcal indicators of fish quahty, an experrrnent was desngned It
' exammed the ﬁsh's preference for saltwater, comparing behavroral response to salrnrty wrth
~physiological indices. Results were related to the behav1or of radlo—tagged cohorts movmg

. through the estuary and into saltwater.

A 'system for testing 'salinitjé preference was developednsi'ng a verticéal salinity gradient. The.
._expertrnental setup consrsted of four 380 1 rectangular ﬁberglass tanks (1.83x 0.66 x 0. 60 m)
_wrth acrylic windows in front to view the fish. Tanks were placed in a quite area and were

- ‘visually isolated. by black curtams Saltwater was prepared (Instant Ocean 30 ppt) in-.

h _._separate tanks. ‘At the start-of a test, apprommately 1901 of saltwater was pumped into the .

” bottom of the observatron tanks through perforated PVC plpe Thrs was done slowly, over
approxrmately al hour perlod to establish a salinity gradient. The. Wlndow of each. test tank was -

' marked to show the ﬁnal dmdlng line between fresh and saltwater

Barged fish were collected from the barge at Bonnevrlle Dam prlor to entry into the Bonnevﬂle

"~ Navigation Lock. ROR fish were collected at B2 in the same manner as described in Objecnve _

] The dates, numbers, and types of ﬁsh collected for these tests are glven in Table 1. F ish were

' placed in 125 liter hvewells Wlth air' purnps and transported to Oregon State. Unrversny§s Smrth

“Farm Fish Phys1ology Laboratory Twelve fish were placed in each of four observatron fanks |

and allowed to a_cc_hma_te_ fo_r 51 hours. During accln;nat_l_on, t_l_ow-through_ well water at -1_2.:5 : C_ B

16
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- Swadstical dnalyses

- "_"S'tat'is_'tioai analyses: were '_p'e'_rformed on the foll_'owing. g"r'_o:u'ps';of fish o

b _ I “telemetry” ﬁsh barged and ROR radro~tagged Juvemle fall chmook (Objectlve 1)
2 physmlogy fish barged and ROR Juvenlle fall chmook collected for physrologlcal ;
_ ; samphng (Objective 2), and ~ ' IR o :

3. saltwater preference ﬁsh barged and ROR Juvemle falI ehmook colIected for .

saltwater preference assessment (Ob}ectlve 3)

' :_ ] Te[emetry and physmlogy fi sh measures were compared both w1thm fish types (i: €., barged and
7. - _ROR fish) between reIeases (ROR fish only) and w1th1n the palred release between fish types A
- smgle factor ANOVA was used for most comparrsons th1s was a t-test because there were only L |
- Z'_two levels In the cort1sol eompanson only 13 1nd1v1duals were compared (because the amount |

i of plasma coHected for the other ﬁsh was less than the amount necessary for the test) and a:

L :_'_Kruskal WaH1s companson of medlans (nonparametne ranks) was used. For these tests if a

- 31gn1ﬁcant factor effect was: found dlfferences between levels were assessed by Flsher s least i
3 s1gn1f' cant dlfference (LSD) procedure at the 95% level F or compansons of proportlons Wlth

~ two levels (i.e., BKD presence in physmlogy) a Flsher s Exaet Test was used
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| RESULTSANDDISCUSSION

-'_'F ollowmg release fall chlnook mn the lower Columbra RlVCI' mlgrated 136 143 krlometers

T '_ downstream to the monrtormg statron in 37 2- 66 l hours The total dlstance mdrwduals traveled

- over trme can be seen 1n Flgures 2A 2C One of the barged ﬁsh rnoved upstream in F1gure 2B 1t :

_ is unknown why this occurred but may be predator related The speed in krlometers per hour L
- (kph) whrch all- 1nd1v1duals mrgrated frorn the1r release Iocat1on near Bonnevzlle Dam to the .

| .:_ ﬁxed momtor]ng station can be seen in Fi 1gure 3A Mean sw1rnm1ng velocrty (Flgure 3B) was

k ._ L2 9 kph and ranged frorn 2. 2-3. 7 kph There was no mgmﬁcant drfferenee in rmgratlon speeds

of barged and ROR fall chmook in the on]y pa1red release (p= 0 8106 "‘ANOVA). The speed

e between the two releases of ROR fish wasnot s1gn1ﬁcantly dlfferent (p 0 2089, ANOVA)

i ._ The length of the two types of radio- tagged ﬁsh was mgmﬁeantly drfferent in the only pa1red

_ - release (Frgure 4A; p-~0 0019 ANOVA), the barged fish s were Iarger ROR fish were -
o | szgnlﬁcantly larger on the second release than in'the ﬁrst (p=0. 0024 ANOVA) The length of
- .ﬁsh was not related to mrgratlon speed for either. harged (p= =0 4179 R2 *0 0836, lmear '

B regressron) or ROR types (p—O 6157 R*=0. 0161) To deterrmne 1f radio- -tagged frsh were b1ased

| - ;from the general populatlon due to tag body werght constramts ﬁsh sampled for physrologlcal

. analysis were compared to radlo-tagged fish; barged and ROR fish were not s1gmf cantly
L '-dlfferent (p=0. 2494; p=0. 4911 respectrvely, ANOVA) The condmon factor K= werght (g) /-
' length (mm)® x 105) of the two types of radio-tagged ﬁsh was 51gnrﬁcantly different (Fi 1gure 4B
: p-—O 0437, ANOVA), wrth barged fish havmg a hrgher K The K drd not change between the two

. releases of ROR fish (p =0. 0854 ANOVA) Again, to. determme if radlo-tagged fish were blased

e _'from the general populatron fish sampled for physrological analy51s were compared to radlo- : _3' i

tagged ﬁsh both. barged and ROR ﬁsh were srgmﬂcantly dlfferent (pZO 0366 p=0. 0330

[ _respect1vely, ANOVA) When the K of the physrology ﬁsh was eompared between types of fish

- there was not a srgmﬁcant dlfference (p—O 3467, ANOVA) unhke the radro tagged fish. ThlS -

19..
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_ not longer but they d1d have ahi gher werght to Iength ratlo
The portrons of ﬂsh that successfully mlgrated to the estuary was examrned 55% of the radro-
tagged barged ﬁsh and 20% - 4% of ROR t' sh were observed at, or downstrearn of the fixed

g monltonng statron at rrver kilometer 89. 4 (Flgure 5) Radro-tagged ﬁsh that were never heard

accounted for 40% of barged ﬁsh and 18% @ 5% of ROR ﬁsh WhiCh can also be seen 1n Flgure '

“taken by predators after release and whose remains were deposned out of radro range (3)
individuals that mi grated successfully but Went undetected Regardless of the reason, certam
| 1nd1v1duals were never observed It was assurned that all tags were 1nsrde ﬁsh transmrttmg radio .
_' signals; and:could be detected by the I‘EldJO recelvers If thrs assumptron 18 faIse then the true
sample size of observable radio- tagged ﬁsh is reduced and the relatlve proportion.of fish

reachrng the estuary is hi gher than reported

B wwwﬂThe hrgh numbers of-fish-that- were unheard- and heard dead above'the- monrtormg -station-in-the—--—
first release (Frgure 5)ledinto a small expenment on the survival rates of two. taggrng methods :

_ The surgreal 1mp!ant method was used. on steelhead in the 2000 ficld season (Schreck et. al
2000) with good survrval rates from surgery, yet when perforrned on smalier fall chmook
salmon results were not as positive, whlch can be seen in Figure 6.. The gastr:c: 1mplant method

* was used in previous studies on spring eh_lnook (Schreck et. al;, 199_6, 1997) and it was thought
this rnay' be a b'ett'e'r Itagging method. The experiment was, performed with a small nur'nbe.r'ot.‘ ﬁs‘h
and was not meant to be a statistically vah__d_ s_tudy, _but togive an idea on whreh rnethod may be
better. Personnel performmg tagging had experience wrth both types of methods A very high
percentage of fish died immediately aﬁer the gastnc implant (45%) and ar'r 'a'd'ditional 22% died
after 24 h these numbers were much hrg_her_th_an the surgical 1mplanted tags whrch can be seen

in Figure 7. From these data, it was decrded to use the surgical 1rnp1anted method for the second

‘release of fish, -

| -_'20_j"
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. :fall chrnook (Il 2 cm) The antennas were cut to dlfferent srze lengths to see rf thrs had an affect o

o on taggrng surv1val and hearmg efﬁmency Seven ﬁsh were tagged w1th the orlglnal 30 5 crn '_3 L

. : '.length antenna elght ﬁsh wrth a 22 9 cm length and twelve w1th a 15 2 cm length The results

i can be seen n Frgure 8., The shortest length antenna had a h1gher percentage of fish recovenng

from surgery and more Were heard mlgrattng It 1s possrble the two factors are related the ﬁsh

"'_wrth the longer antenna d1ed after releasmg, resultlng in the ﬁsh not belng heard Even though

'j : more of the shorter Iength antennae were heard thrs should not have been the case since si gnal

'strength is determrned by the antenna lenvth Thrs experr'nent suggested at least the shorter -

length drd not affect the abrlrty to hear ﬁsh m the study area. It was decrded to use an antenna Vi

: length of 12 7 cm on the second release

Ea The two smaller Titley tags were trred thrs year to sec. rf they would worlc as well as the standard

'. .:ATS tags Only one of the two tags was heard atter release Thrs s a lower percentage than

o standard ATS tags butitis d1fﬁcu1t to make any conclusrons wrth only two tags More stud1es o

':would need to be performed to obtam meanrngful results

:Of all rad1o tagged fall chlnook none of barged or ROR ﬂsh were observed by arrcraft or boats '

o near colonres of prscrvorous b1rds on Rlce Island or East Sand Island and Were con51dered

'rnortahtres Havmg no mortahty from the brrd colomes frorn 18 very drfferent from past studres

o (Schreck and Stahl, 1998; Schreck et al submltted) thrs may be due to the small sample size- of
' thefallchmook R T o

'Mlgratlon routes of radio- tagged yearhng fall chrnook observed from the arrcraﬂ and by the

b boats (Frgure 9A) appeared to fall 1nto three general patterns based onl two po1nts of dwergent

.' _ routes Flsh made one Odecrs1on0 shghtly uprrver from che Island some stayed wrthm the

o rnam shrpprng channel south of the' 1sland and others followed the old shrppmg channel north of

| "the 1s}and (ONorth ChannelO) Those that were in the North Channel stayed 1n the northern part |

: _-of the estuary (Washrngton 51de) untrl they reached the ocean (mrgratlon route 1) Those that

o077



Generally, ﬁsh trackmg began near Rlee Island one hour after the peak of hlgh ttde (outgomg

ttde) when fish- were movrng relatwely qulckly Durmg slack t1de (arb1trar11y deﬁned as ofe half -

peal_(_o_f low t1d_e (mcornrng tlde) the ﬁsh.varled_ from moving downs.tream_ __mo_deratel_y qu1ck1y to-

g _moving slightly .upst're:am ' Fi'gu"r'e' 10A depicts these movement patterns for two ﬁsh tracked, a -
of low tide’ occurred at d1fferent times, thure IOB shows the average speed and range of all
tracked ﬁsh in the estuary durmg d1fferent tidal stages There was not a srgmﬁeant d1fference _

between the speeds of the ﬁsh at these different. stages (p~0 3040 Kruskal-WaHace test),

~on an outgomg t1de and S0 on unt11 1t reached the ocean; thrs would make the total est1mated
time to be 36.1 hours: Thls means it’ took apprommately 3 tidal cycles (a cyele bemg deﬁned as
the peak of high tide to the peak of htgh tlde) for a fish to move from the upper end: of the -

estuary to the-ocean.

A saltw'ater' O’Wedgeo existed in the estuary. judged frb'm the water quality data taken b'y' b.oats as
tracking’ oecurred Higher salinities ex1sted near the bottom of the estuary, wh1le lower salinity
fresh water flowed over the saline water due to den51ty grad1ents Because only one ﬁsh was |
tracked : mto areas that had a stratified sahmty proﬁle these measurements are not graphlcally

presented

.-'_:_2'2_:;:
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e -'2) Determme and correlate f sh condztzon to ngratzon behawor through the estuary and

EEN Saltwater mte:face fo rzver condztton and ot‘her mdzcators of estuarzne productzvrty

.Plasma cortrsol ]evels of barged and ROR yearhng faH chmook were compared for the paired

release and there was no mgmﬁcant chfference between the two types (F 1gure 1 1A; 0 5582

' hi gher Ievels of ATPase There was no 51gn1ﬁcant relatronshlp between ATPase and- leug*h
o welght or condltlon factor (p=0. 7807 R2—0 0044; p=0. 7275, R2~—0 0069 p=0.5727, RZ—O 0180

. respectlvely, hnear regress1on) One 1nterpretatron of greater ATPase act1v1ty levels in ROR ﬁsh

S could be that they were more smolted Another eventuahty is that the two groups are not

o 3comprrsed of the same stocks of ﬁsh

_f.-PrevaIence of bactenal kldney dlsease was low, with at Ieast 88% of the all the ﬁsh tested havmg

'no or low detectabIe ]evels of mfectlon When the proportlon of ﬁsh w;th no 1nfect10n was .

compared for the physmlogy ﬁsh there was not a S1gn1ﬁcant d1fference between types of ﬁsh

“(Figure 12; p=0.3034, Flshers Exact Test) however when comparmg the ﬁsh used in the

' _:saltwater preference expenment there was asi gmﬁcant drfference between the two types

o (p—O 0354, Flshers Exact Test)

._.'13) Establzsh the relat‘zonsth between i sh behavzor in the esruarzne and near—shore oceanic

: -'envzronmenr and the physzologzcal mdzcators of fish quahty Examme the relaz‘zonsth bez‘ween _. g

' the developmental stage of the transported steelhead to ngratzon delays in the estuary ana’ .

L _survzval o ocean entry,

L C20279



B There was a S1gn1ﬁcant dlfference in ATPase levels between the two types Wthh cou]d possfbly

'The results of these expenments are very 1nterest1ng when compared to gill ATPase levels

be mterpreted asa d1fference in the level of smolt1ﬁcat10n however this was not observed n

24
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 CONCLUSION

| :There was no apparent dlfference 1n the mlgratlon speeds or patterns between barged and ROR
- | fall chlnook Fall chmook exhlbrted sn‘mlar mrgratlon patterns m the estuary as prevrously -
| .studled spnng chmook salmon and steelhead (Schreck and Stahl 1998 Schreck et al 2000)
..The rrugratlon speeds are also snmlar to the spnng chmook and steelhead when exarmmng .

releases durmg sm‘nlar ﬂow perrods suggestrng a passwe mlgratlon of all salmomds down the e

o '; Columbla R1ver

' There were mgmﬁcant d1ff'erences in glll ATPase levels betwecn types one mterpretatlcn of thlS '

' _could be that there Were drfferences in smoltrﬁcatron levels however experrmentally, there were:.

. no dlfferences in thelr preference for saltwater ThlS supports the hypothe51s that hlgh ATPase :

levels do not chrectly correspond to an 1ncrease in saltwater. adaptablllty (Lysf ord and Staurnes o
-1998) and that ATPase may not bea dlrect mdlcators of smoltlﬁcatron at least on an 1nd1v1dua1 _

| level (Plrhonen and Forsman, 1998)

| '_ _. 'Some of the other expenments performed dunng the ﬁeld séason prov1ded 1rnp0rtant tagglng
: mformatlon for future years An mvestlgatlon performed on the difference between gastrlc and
. 'surgu:al 1mplanted tags indicated that the surgical method may cause Iess mortahty lmmedrately -
) i._ after surgery and 24 hours after A study on antenna size suggested that a smaller antenna size

| size d1d not affect the ablhty to-hear the ﬁsh in: the study area L

T1rn1ng of yearhng fall Chll’lOOk arr1va1 in the estuary may be the most 1mportant factor affectlng |

v thelr survwal If smolt arrival i in the estuary is t1med correctly, a 51gn1ﬁcant amount of mortahty'

- may be avmded The fish should preferenually arrlve ata darly or ttdally beneﬁcral tlme to

- avo1d predatlon Bargmg 1tself is probably not d1rectly detrrmental to:the survwal of fish; it is

= the secondary effects such-as tlmmg of bargmg that may be harrnful to the outmlgrants

~ Another main factor that was hypothesized as an influence on the survival of fall chinook was.

cogst



| .these d1fferences d1d not effect the m1grat1on speed mlgrauon pattems mortahty from o
) piscworous blrds or the preference for saltwater I '

- Further research and data analyses need to be completed before spec;flc management
recommendatlons can be made Slnce only one palred release was. made, data should be -
eollected over several yarious fiows durlng the same year and over multlple years to aceount for
annual Varlablhty that eharaetenzes the Columbxa Rlver system A cr1t1ca1 area that remams

~ unexplored is at the mouth of the river; we have h_mjte_d_-lnformat_wn concerning d_etalled |
migration behavior of juvenile fall chinook into saltwater. Increased understanding of Smolt
behavior at the ffes_hwater/saltwater interface, which is miles long, may provide insight on what

- may be done to minimize rates of avian predatio.n' Anothe'r“area which'should'be investiga’ted in
more detail i s how survwal mto saitwater ultimately affects returning spawner populatlons An
existing. hfe-hlstory model for salmonids should be developed and Vahdated for the outmlgratmg.
. Juvenlle stage.. It can then be used to predlct adult populatlons and effects of management
dec1szons coneemmg the hydropower. system and other areas of concern such as avian predators

~ Oncé the rela‘nonshlp between fish: quahty and behavmr as aﬁ"ected by river and estuary

N CODdlthﬁS is understood the opportunlty ex1sts to manage the migratlon of Juvemle saimomds

through the Columbla Basm hydropower system in such a way. that thelr subsequent surv;val s

mammlzed
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EEE .:release site’ to the ﬁxed momtormg statlon near the upstream end of the Columbla RIVer_ e
' Estuary Slgmﬁcant dlfferences aré descrlbed n the Results Sectlon T SR

SR c R ele oo )
seeem» |

o

Speed (kph)
L J

p— .
L .

O Barged ® ROR

S : .

Mean Spe_ed (kph) -

L
- .

L T6/14/00 62700

33 .: :

. C29289



61400 6pw00

i ROR ] Barge'd'

‘Condition Factor: -
’ <
o0

6/14/00 ~ 6/27/00°

C29290



© Figure 5. The percentage of where radio-tagged fish were heard. ©
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' Flgure 6 The taggmg mortahty of (A) fall chmook compared to that of (B) Steeihead;: e

durmgtheZOOOﬁeldseason R R Co e
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:_3'1 ffogure 7. The dlfferences 'm'mOr'tahty from (A) gastnc unplanted tags and (B) surgaca]ly |
-.__Implantedtags ' e LT L Lo
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e F1gure11(A) Mééﬁblasma cortisol (+SE)1evelsand (B)meanglllNa+/KATPase(+ e e
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i -Flgure 13 (A) The percent of fish if saltwater 60 mmutes after the start of the saltwater NP
. preference experiment and those in saltwater after 120. minutes. Error bars 1nd1cate the CO N
. SE between replicate tanks (only:on barged fish at 60 minutes, 0:04). (B) The percent of o
o fish infected with cértain levels of. BKD in thls experlrnent S1gn1ﬁcant dlfferences are i
e _'.descrlbed in the Results sectlon B T " o LR L
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